Abstract: Information systems are complex and because society heavily depends on them, they have to be developed using the right enterprise architecture frameworks (EAFs). Although some major EAFs have been developed for more than a decade, information systems still fail to satisfy demands that organizations face and this reduces their competitive abilities. The failure may be due to the fact that either the right frameworks are not employed in architecture design or the EAFs are not complete to support specific architecture design. Organizations still have difficulties in identifying an appropriate EAF and the EAF perspectives and aspects suitable for their organizations. This paper claims that selecting the right EAF for architectural design plays a crucial role in system development as a first step in a process that turns a requirements specification into a working software and hardware system. To help organizations systematically select the best EAF for the usages they envisage, this paper proposes the Enterprise Architecture Framework Selection Scheme (EAFSS).
Introduction
Enterprise architecture framework (EAF) is a foundation for developing and representing architectures that provide a common denominator for understanding, comparing, and integrating architectures across organizational, joint, and multinational boundaries. It establishes data element definitions, rules, and relationships and a baseline set of products for the consistent development of systems and integrated or federated architectures. These architecture descriptions may include Families of Systems, Systems of Systems, and net-centric capabilities for interoperating and interacting in the Net-Centric Environment" [5] . EAF is also "a set of assumptions, concepts, values, and practices that constitutes a way of viewing reality" [15] .
Various EAFs have been developed such as the Zachman Framework (ZF) [8, 9] , the Department of Defence Architecture Framework (DoDAF) [3] [4] [5] , the Open Group Architecture Framework (TOGAF) [19] , the Federal Enterprise Architecture Framework (FEAF) [7] , and the Treasury Enterprise Architecture Framework (TEAF) [5] . EAFs have weaknesses and strengths, none in isolation can offer a complete EA design solution [2, 6, 10, 17] .
EAFs may overlap by addressing similar views, however, they are developed for particular needs, and they differ in the stakeholders they satisfy and their domain. With regard to the above statement, EAFs assist in managing system complexity and aligning IT to business, [15] . The organizations not using EAFs in EA design spend more to build IT systems which are costly to maintain and has little business value. Without EAFs, it is expensive and difficult to organize and align IT systems with business needs. The need to compare and select the best EAF that best supports each usage is to reduce complexity in system management and to allow alignment of IT systems to business needs.
To select the best EAF for systems or EA design, EAFs have been compared in the past [2, 11, [13] [14] [15] [16] [17] [18] . Past comparisons did not focus on EAF usages and relate them to perspectives and aspects. Perspectives are comparison criteria and aspects are the criteria attributes.
The paper identifies the various usages and determines the best EAF for each. Our selection scheme that considers usages improves the EAF selection and EA design. The selection scheme we developed is shown in Figure 1 . There are four main steps.
Step 1 is split into 1A and 1B.
Step 1A focuses on surveying related work in search of perspectives and aspects.
Step 1B conducts the survey on related work with the aim of determining EAF usages.
Step 2 compiles the list of perspectives and aspects identified in
Step 1A.
Step 3 compares the EAF using the listed perspectives and aspects.
Step 4 relates the usages to the perspectives and aspects. All these steps have their results in the form of tables to be shown later in this paper.
EAFs usages (Table 5) Step 1B: Surveying related work for search of usages for selecting
Step 1A: Surveying related work for search of perspectives and aspects
Step 3: Comparing EAFs for selection using listed perspectives and aspects
Comparison perspectives and goals (Table 1) EAFs comparisons Perspectives and aspects (Table 2) EAFs comparisons results (Table 4) Step 2: Compiling a list of existing and new perspectives and aspects Perspectives and aspects related to usages (Table 6) The remainder of the paper is structured as follows: Section 2 describes related works on EAFs comparisons and other related work. Section 3 focuses on steps toward comparing EAFs. Section 4 focuses on EAF Selection. Section 5 introduces the EAF selection scheme. Section 6 is an example of using our scheme. Section 7 is the conclusion.
Related Works
The survey is conducted on related works and primarily focuses on EAFs comparisons. A comparison was conducted on EAFs to develop a method of selecting and tailoring EAFs for systems or EA design in specific environments [2] . EAFs were compared to select the most suitable EAF for specific use [11] . Two papers [2, 17] surveyed the current state of EAFs by comparing them for selecting or tailoring or adapting an EAF. EAF comparison was conducted to determine EAFs contributions on EA efforts [14] . Architecture Framework Ontology was used to compare EAFs to characterize them in order to determine their overlaps [13] . Further comparisons were conducted on EAFs based on features of the EA discipline and their principles to get a blending method to develop EAF or select the best EAF [15] and also based on requirements to be met to develop, describe, and maintain EA, and determine EAFs capabilities in supporting EA [18] . EAFs quality aspects were compared in [16] to identify their views and usage growth relationships. In spite of the existing research [2, 15, 17, 18] , further research is still needed because the systems are becoming more complex and delivering less business value [2] . The use of EAF to develop EA reduces enterprise complexity management and increases chances of delivering systems with value [15] . Researches in the past [2, [11] [12] [13] [14] [15] [16] [17] did not consider the usages in selecting the best EAF. The example to be given in the paper indicates that more than one usage may be needed to create an EA. Furthermore, most authors used unweighted comparison criteria, except [15] , and did not provide a process for selecting the best EAF.
The paper developed a new scheme that uses EAFs usages to select the best EAFs. The scheme relates usages to perspectives and aspects to select the most appropriate EAF for each usage. In addition, our scheme overcomes various other limitations in the previous works by utilizing the notion of weight and precisely defining the selection process.
EAFs Comparison Process Steps
There is need to develop tables which are referenced when applying the EAFSS selection scheme in Figure 1 . Therefore, this section develops the needed tables for EAFs selection purposes. We identify EAFs to compare, conduct EAFs survey, identify perspective and aspects, determine scaling scheme and finally conduct EAFs comparisons.
Selecting EAFs for Comparison
In this section, we provide high level criteria for selecting five EAFs that are explained in the subsequent sentences. From the literature, we can see that ZF, DoDAF, TOGAF, FEAF, and TEAF are the most dominant EAFs and have been used the longest [2] . FEAF is the most complete methodology with ZF-like classification and a TOGAF-like structural design process [7] . FEAF, TEAF, and DoDAF are the common federally sponsored and accepted EAFs [7] . C4ISR was dropped and replaced by DoDAF, GERAM was dropped and replaced by TOGAF as TOGAF is a general EAF and used in any enterprise with modifications [19] . Open Distributed Processing -Reference Model (RM-ODP) was dropped because commonality with other EAFs is little.
Surveying the Selected EAFs
In this section we provide a high level analysis of five EAFs. Our analysis for the five EAFs is based on certain selected formats that are explained in numbers 1~6. The survey is conducted to understand the relationships, commonalities, dissimilarities, and incompleteness among EAFs, [11] . This will improve EAF selection accuracy, support the rating and assigning of weights EAFs aspects. Time and money is saved in developing EAF from scratch. The following six formats were used to evaluate the EAFs: 1) Philosophy: Focuses on the purpose of developing EAFs and aiming on achieving various goals; and may include designing Enterprise System Architecture (ESA), supporting realization of goals, identifying enterprise business potential investment areas, and developing enterprise IT system. 2) Dimensions of the framework: These are classifications, definitions and presentations of architectural artifacts. 3) Structure of the framework: This holds basic EAFs items and information about them. It provides theories and outlines performed business processes and how they are performed. 4) Artifacts: Final products that describe the enterprise functionalities, interactions and enterprise requirements. 5) Architecture development process: It is a series of steps employed in creating a structural design for an enterprise. The process is for planning, analyzing, designing, developing and maintaining the created architecture. 6) Strengths and weaknesses: EAF weaknesses limit its usage for achieving certain goals. Strengths enhance its usefulness.
For summaries of the major EAFs, see [1] .
Determining EAF Perspectives and Aspects
Perspectives are the comparison criteria and aspects are the attributes of the criteria. Each perspective in Table 2 is explained in the following (#10 and 11 are new perspectives.): 1) Goals: Goals are for accomplishment, involvement, problem area, time frame, requirements, and constraints. 2) Inputs: EA inputs outline integrated processes and goals in a business enterprise to provide process components. 3) Outputs: Outputs are used to understand the gaps that exist when planning for the preferred future environment. 4) Views: Views are depictions of the complete architecture, for communication, EA understanding, and verifying system. 5) Abstractions: Abstractions enforce a progressive decomposition and maintenance traceability of EA design for detailed implementation. 6) System development life cycle: The SDLC process consists of defined processes, and roles, and responsibilities. 7) Guide: The guiding process defines, maintains, and implements EAs by providing a disciplined approach to EA life cycle management. 8) Quality: Software configurations change and attaining quality attributes confirms whether a good job has been done. 9) Miscellaneous: This perspective contains important aspects that are not covered in other perspectives. 10) Requirements: Determines EAFs representation, lessens risks, allows changes and alignments, and integration. 11) Principles/Rules: Define the fundamental rules for the use and deployment of all IT resources and assets.
The details of the formats used in EAFs survey, the survey results and the aspects explanation can be found in [1] .
Selecting Comparison Scales
This section compares comparison scales and selects the best to use. It conducts the EAFs comparison and identifies usages and relates them to perspectives and aspects.
Different comparison scales were used by the different authors. The scale should easily and clearly support visualization, decision, documentation, and clarification of the comparison results. Table 3 is the related work on comparison scales. Rating scale is selected because it provides the easiest way to make EAFs selection decisions. 
Comparison and Selection of EAFs
EAFs comparison is a ideal because of the fact that EAFs are incomplete; different in focus, dimension, structure and views. Figure 2 shows the EAFSS example. The subtotal shows the degree to which EAF addresses each perspective. The total weight for EAF shows the degree to which each EAF addresses all the aspects. It is the total score for each EAF and is used to rate or rank the compared EAFs.
Enterprise Architecture Framework Selection Scheme (EAFSS) Figure 2. EAF Selection Example

Example of Selecting EAFs
In Table 4 only the P1 comparison perspective is complete. The full details can be found in [1] .
Enterprise Architecture Framework Selection Scheme
Step 1. Select a usage U from the Usages in Table 5 , i.e. U1~U9 Step 2. Choose the perspectives and aspects relevant to U from Table 6 . Step 3. Assign weights to each aspect chosen in Step 2.
Step 4. Calculate the value of each EAF in Table 7 using the formula:
Step 5. Choose the EAF whose total value is the greatest. Table 4 can compare any set of perspectives to select EAFs. We can shrink or expand the number of perspectives, aspects, or EAFs in Table 4 . To use it, the following steps need to be performed: 1) Remove any unwanted perspectives 2) Add any needed perspectives missing in Table 4 3) Give weights to the aspects in Table 4 4) Calculate each subtotal using the following formula:
Let a 1 , …, a n be all the aspects of a perspective p, r(a i ) the rate for the aspect a i and w(a i ) the weight for a i .
Sum up all the subtotals to get the grand total 6) Select the best EAF based on the rating totals.
Perspectives and aspects serve as a basis on which individual EAF selection assessment can begin. The weight value is based on how the EAF addresses the aspect. The information is found on the survey conducted on the EAFs, the result of which is not presented because of limited space.
EAFs applications concepts, strengths and weaknesses differ. The user must decide on the EAFs to compare based on organization needs. The weight indicates the degree to which an aspect is addressed. The paper user needs to survey the EAFs, so as to rate and assign appropriate weights to aspects. EAFs differ in concepts and no one is best for any organization. We used perspectives and aspects that we believe are critical in comparing and evaluating EAFs for use. They may not all be relevant to an organization and some may be more critical than the others. We provided starting point on which to start EAFs evaluation. Weights are subject to change, and our rates which are fixed may not all be approved. At the end of the comparison process, we should understand the EAFs strengths and weaknesses.
As shown in Table 4 , "0" indicates that the EAF does not entirely address that aspect. "1" indicates that the EAF does inadequately address that aspect. "2" indicates that the EAF does address that aspect adequately. Using rates like 1 and 4 gives a big gap that does not favor comparison. The less the rate gap, the more you need to study the EAFs to adequately rate them, but the outcome is more accurate. Lack of space limited us to use three rates (0~2) instead of five (0~4).
All the perspectives and aspects in Table 4 are assumed to have equal importance. Under that assumption DoDAF leads. However, for specific usages DoDAF may not be the best.
Example of Applying the EAFSS
We are interested in identifying various EAFs usages that organizations may consider in designing EA. Different perspectives satisfy different needs in EA development Table 5 shows the usages and related perspectives and aspects that EAFs must address satisfactorily for each usage. Table 6 is developed from Table 5 . Usages are identified and comparison is conducted based on selected perspectives and aspects. Table 6 shows the aspects selected for each perspective for each usage. Selection evaluation is done to select the best EAF each perspective.
Usages
We classify EAFs based on how they address the perspectives and aspects. The degrees to which EAFs support EA differ case by case. Therefore considering specific usages is important in EA design.
To select the best EAF for system or EA development, all the perspectives and aspects in Table 4 are considered. We consider usage U1 in Table 5 . Then all the perspectives and aspects for U1 in Table 6 are relevant. We assume w = 1 for all the aspects in the formula F1. Then, just by adding the subtotals to get the total for each EAF, we can select the best EAF. In Table 7 , DoDAF is the best EAF for U1. 
